C 33 H 20 F 6 N 2 S 2 , monoclinic, P21/c (no. 14), a = 13.418 (4) 
SHELX [21, 23, 25] , Bruker [24] added to the reaction mixture, and the mixture was stirred for 2 h at this low temperature. The reaction was quenched by water. The product was extracted with ethyl acetate, and washed with saturated aqueous NaCl and water. The crude product was purified by column chromatography on silica gel using petroleum ether and ethyl acetate (v/v = 6/1) as the eluent to afford 1.43 g of the title compound as a blue solid in 46% yield. M.p. 447 K-448 K. The title compound crystallized from hexane at room temperature and produced colorless crystals.
Experimental details
The hydrogen atoms were located by geometrical calculations, and their positions and thermal parameters were fixed during the structure refinement. All H atoms attached to C were fixed geometrically and treated as riding with C-
Comment
Molecular switches can be triggered by light which is natures most abundant and powerful energy source. Organic photochromic compounds is a widely studied class of molecular switch, which are capable of undergoing efficient and reversible transformations between two states with distinctive physical and chemical properties upon photoirradiation [2] [3] [4] [5] . Among organic photochromic compounds, diarylethenes have been extensively studied for their two isomers that are both thermodynamically stable and their cyclization/cycloreversion reaction occurs fast on the piscosecond time scale [6] [7] [8] . Owing to these excellent characteristics, diarylethene materials have potential applications in the fields of optical memory media and optical switching devices [7] . In the past decades, a significant progress on design and synthesis of diarylethene compounds by the introduction of specific functional groups has enabled diarylethenes to respond not only to UV and visible lights but also to other special external stimuli [9] . Thus, functionalized photochromic diarylethenes with multi-responsive characteristics could be extended to colorimetric and fluorometric sensing, bioimaging, construction of logic gates [10, 11] , and control of biological activity [12] . Based on the development of diarylethene, Feringa et al. forecast that the photochromic diarylethene can be used in the field of photopharmacology [13] . The quinoline scaffold is well known to have diverse bioactive units through acting on organisms [14, 15] . Certain quinoline compounds with such response characteristics as pharmacophore have been developed into marketed drugs [16] . On the other hand, the nitrogen atom of quinoline is the same as that of pyridine, which can be easily protonated by external acid stimuli [17] [18] [19] . The protonation of nitrogen atom may affect the photochromism of the diarylethenes, such as their absorptions, photoisomerizations, and other physical characteristics. Thus, the photochromic diarylethene bearing a quinolone unit can be functionalized as multi-respond to UV/Vis and acid/alkali in solution, thereby providing the second dimensional control of their optical properties [1] . In this paper, we have explored a new symmetrical diarylethene with quinolone units and investigated its multi-responsive properties.
In the crystal of diarylethene title compound distances of C15-C19, C15-C16 and C19-C20 in the central cyclopentene ring are 1.349(3), 1.505(3) and 1.463(3) Å, respectively. These data clearly indicate that the C15, C19 bond is a double bond due to its length shorter than the other carboncarbon single bonds. The two thiophene moieties are linked on the C15=C19 double bond. The angle between the planes of the thiophene ring and the adjacent quinolyl ring are 167.6°and 29.6°, respectively. The dihedral angles between the corresponding thiophene rings and central cyclopentene ring are 45.0°and 40.6°, respectively. The perfluorocyclopentene unit is antiparallel in the crystal state with the two methyl groups on the thiophene rings in a trans disposition to each other, as reflected in the torsion angles −42.8(4)°f or C19-C15-C12-C13 and −42.0(4)°for C15-C19-C20-C21. This kind of conformation is crucial to its photochromic and photoinduced properties [6] . The intramolecular distance between the two reactive C atoms (C13 and C21) that comprise the cyclisation termini is 3.586 Å. This distance is less than 4.2 Å and indicates that the compound can be expected to exhibit photochromism in the crystalline phase [7, 20] .
The molecules of the title structure are packed with antiparallel and crisscross arrangement. Intermolecular C-F· · · π halogen bond, hydrogen bonds C-H· · · π, C-H· · · F, C-H· · · S and C-H· · · N connect molecules with each other. These molecular interactions together with halogen and hydrogen bonding may strengthen the stability of the framework structure.
The absorption spectrum of open-form of the title compound exhibited an intense band centered at 272 nm in acetonitrile solution. Upon irradiation with 365 nm, the absorbance at 272 nm decreased along with a new peak appearing at 602 nm, corresponding to the closed-form. And upon visible light irradiation, the absorption spectrum returned to its original state, regenerating the original ringopen conformation. And this cycle can be repeated hundreds times without any change. And this diarylethene could also exhibit photochromic behavior in crystal state.
The multi-response photoswitching characteristic of diarylethene title compound was investigated by stimulation of acid/base and light. Gradual addition of HCl in acetonitrile solution, the diarylethene can form the N-protonated form and it can be transformed back by neutralization with NaOH solution. Coupling with the protonated process, its intensity of fluorescence enhanced by a factor of 8, the emission peak showed a notable red-shift from 400 nm to 550 nm. The increase of emission intensity may be attributed to the formation of the N-protonated open-ring isomer. Furthermore, the diarylethene title compound exhibited photoisomerization by light irradiation. Upon irradiation with UV light, the colorless solution turned blue to form the formation of Nprotonated ring-closed isomer. Its absorption maximum was redshifted from 603 to 612 nm. At the same time, the fluorescence emission intensity at 550 nm decreased as irradiation time increases, and reduced to about 2% of the starting value in photostationary state.
